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INTRODUCTION

Carex section PhyUostachyac Tuck, ex Kiik. is a morphologically distinc

group of sedges endemic to North American forests and forest openings.

'



large and of ten leal -like pistillate scales are the most mnking icaiurc of these

plants. Additional traits common to the memhers of tins group are densely cae-

spitose habit; winged culms and peduncles, both of winch are dilated at their

apices; androgynous spikes, with lateral ones usually arising from the plant

base; and beaked pengynia with entire orifices. Various workers (e.g. Crins 1990;

Starr &r Ford 1995; Naczi et ah 1998) have used the unusual morphologic fea-

imes ol ( iuv\ sect. PhvUostaehxae to suggest the section is monophyletic, a

hypothesis recently supported by molecular data (Starr et al. 1999). Recently,

several authors have focused on various aspects ol the sysiematicsof Carex sect.

Phyllostachyae, including phylogenv (Crins 1990; Starr et al. 1997, 1999), tax-

onomy (Catling et al. 1993: Naczi & Ford 1998: Naczi et al. 1998), genetic diver-

sity (Ford et al. 1998a, 1998b, 1998c), chromosome numbers and arrangements

(Naczi 1999), and anatomy and micromorphology (Starr & Ford 2001).

Ten species belong to Carex section Phyllostachyae: C. backii Boott; C.

basianthflSteud;C;'£M)u\siLSchwein.;(;/»ni/HW()rum Catling, Reznicek,&Crins;

C. latebracteata WaterP: C saximoiUana Mack.; C superata Naczi, Reznicek, &
B.A. Ford; C. willdctwwii Willct; C sp. nov. Saarela & B.A. Ford; and one species

described as new in this paper. The greatest species diversity occurs in the south-

eastern United States, where as mativ as five ol these species are sympatric in

portions ol Alabama, Arkansas, and Tennessee.

One of the chides we haw identified within Carex section Phyllostachyae is

the Cjamesii complex (Naczi & Ford 1998; Starr et al. 1999). Wehypothesize that

this clade contains three species, Cjamesii, Cjumperorum, and an undescribed

species here named Cf im ida. In this paper, we test thus hypothesis by examining

the systematics of the Cjamesii complex. This is the first of two papers explor-

ing the systematica and genetic diversity among taxa in the Cjamesii complex.

MATERIALS ANDMETHODS

Westudied the morphology, geography, and ecology oi the Cjamesii complex
in the field on numerous trips during 1986-2001. The Meld work included ob-

servations at sites throughout most ol the geographic range of this complex.

These sites were in Ontario, Canada, and 1 3 states of the eastern United States:

Alabama, Arkansas, Illinois, Kentucky, Maryland. Michigan, Mississippi, Mis-

souri, Ohio, Oklahoma, Tennessee, Virginia. West Virginia.

For this project, we studied over 1,9^0 specimens from the following 27 her-

baria: BFRFA, BFF1, DHF, DOV, FRY, 1BF, KNK, KY, MIC1 1, MO. MT, MU, MUR,
NA, NY, OS, PENN, PI 1, TFNN, US, VDB, VP1, WIN, WIS, WKU,ctb, bas. Abbre-

viations of herbaria are those of Holmgren et al. (1990) except for Charles T
Bryson herbarium (ctb) and Bruce A. Some herbarium (bas).

Morphology

I

; or the stuck' ol morphology we selected 74 specimens as a representative sub-



set to measure for univariate and multivariate statistical analyses. Wechose

mature, complete, and ample specimens that exhibited the full range of mor-

phologic variation of the ( ie.mie.sn complex and i hat 01 iginated from through-

out the g< ogi tphi< range of the complex. Wemi i ured lo continuous and two

discrete characters on each of ' th< pecimen dfabli I) 1 tch pecimen we

measured is denoted In i ;upei eript isteiml in the pecimen citations below.

fod teen nam mon > t k p< cimen i til v the characters th U k t

diagnose these groups, we used principal components analysis (PCA). Before

condiu tin In ml i \vt t iclardi d all m un in til i h van ibl

would have a mean of and a standard deviat ion of 1. For the PCA, we included

onlycontinuouschaia.ru lb avoid weighting charactei wt x eluded characters

that are probably genetically red unci ant. To detect such characters, we checked

the Pearson correlation coefficient for all pan of li raetei and regarded values

of the correlation coefficient > 0.7 as indicating possibly genetically redundant

characters. Exclusion of . \< u g. neti< ,1b icdund uu . h miters and two dis-

crete characters resulted in the remaining mm < haracters being included in

the PCA(Table 1).

We i i edthedegn o which the groups detected in t he PCA ehl lered

among themselves < I iai h i r by cl ei b\ malyzing each of the measured

variables with one wa\ . n b i of \ nine (AM A \)\\ ith the Tukey Honestly

Significantly Dif lei mi. i am lm , »! ^oin^ati >u ..i nn am Because the vari-

ances of several \ at i Tl< m In r w><> oiiOi d< i i mined by the Bartlett chi-

square test for homo, i ityoi ;rou] \ irianci >,wi ti n formed these data with

the commonlogarithm before conducting the ANOVA.Weperformed all statisti-

cal analyses with SYSTATversion 5.1 (Wilkinson 1989) on an Apple© computer.

In order to apply the available names to the groups revealed through PCA

and ANOVA, we studied type specimens. Isotypes of C stcudelii Kunth were

unsuitable for measuring because of their immaturity. Weascertained the ap-

plication of tins name by comparison of its isotypes with the specimens of the

PCAand ANOVAgroups. Weapplied all other names by inclusion of type speci-

mens in the PCAand ANOVA.
Geography

To determine the geographic range of each of the groups identified in the mor-

phologu indies w, used herbarium pecimen collection data to plot their dis-

tributions on outhiK map I i h point on th ma] i based on at least one

herbarium specimen.

Ecology

For each populati itered in the field, we noted vascular pk mt associ

ularplan t species are those that grew within 10 u

omplexa t more than one-third of all sit es investi

alllocalitie s for additional membersof
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the complex. Weconsider species of the complex lound wit Inn >0 m ol each

other to be examples of syntopy.

Phylogeny

Wecompared members ol the C.p most i com plex with each other and with other

.species in section P/iy/lns/m hyuc in an attempt to discover morphologic char-

acters useful for phylogenetic analysis. Wepolar med character states using mem-
bers of sect. Phyllostih hxac thar const it ute t he "wide-scaled clade." Four species

comprise this clade. ( ..hit /,'/i,(.'./((/c/'M/c(cal«,(.'.v/.vb)inni(//td,andanundescribed

species similar to C. saxi monlana (C sp. nov. Saarela &r IV A 1

: ord). Previous analy-

ses of morphologic and molecular data indicate this wide scaled clade is sister

to the chide that includes the C.jcuncs'n complex (Starr <Sr Pord dOOl J.

To conduct the phylogenetic analysis, we used PA UP* version 4.0b (Swofford

2000) on an Apple® computer. For this analysis, all characters were weighted

equally. The most parsimonious tree was computed using an exhaustive search.

Weassessed the robustness of clades using decay and bootstrap analyses (10,000

replicates lor the bootstrap analysis).



Morphology

A scatter plot of the scores of principal components 1 and 2 depicts three dis-

tinct groups (Fig. U Component I provides separation of C.jamesii from C
juniperorum, while C. timida is separated on component 2. No subgroupings

within these three groups are evident. Together, the first two components ex-

plain 71%of the variance within the data set, with component 1 accounting for

I f%ancl component > a< < outturn' lot 27°,
1 lie third prim i| al < ompon. nt n

counts for onh QO\, <> ! ih< total variance mcl il'lord in pai tion ol poup

All of the variables employed in the PC vim relativelyhi l load ms. tab

lute values > 0.5) on at least one of the first two components (Table 2). The vari-

ables with the highest loadings on component f are CLMHT,LFSCL, and PERIGL,

in descending oi dei t Tlu. \ in mn ? in Table 1). On com
|

>nenl RS( A 1(l

and MARGWhad the highest loadings. A plot of the two variables with the

highest loadings for each component, CLMHTvs. RSC, separates the three

groups (Fig. 2), but not as well as in the PCAplot.

Like the PCA, the ANOVAsupports the existence of three groups in the C
jamesii complex. Though the measurements of many characters possess con-

siderable variability and the ranges of the measurements overlap for many char-

acters, at least two of the three groups have significantly different means for all

18 measured variables (Table 3). For eight of these characters, all three means

are significantly different from each other The variables that are the best for

distinguishing the members of the C.jamesii com plex, based on high ¥ values,

are RCLM, RSC, and MSCL, in descending order.

Each of the three species identified in the PCAand ANOVAis distinguished

by several characters. Specimens with relatively high values for MSPL, MPDCLL,

LFSCL, PERIGL, PERIGBKL, and RBK are referable to Carex jamesii, since its

holotype falls within this group (Fig. 1). Plants with low values for CLMHT,

MSCLL, MARGW,PERIGBKL, RCLM, and high values for LFNOand PER1GNO

are C jumpcrorum. A measured isotype of Cjumperorum is a member of this

second group. The third group, with low values for MSPL, high for MSCL, and

high for RSC, is C. timida. The specimen designated as holotype of C. timida is

clearly in this third group.

Several qualitative characters also distinguish members of the C jamesii

complex. Plants of C junipcwi urn and C. timida have red-purple tinging on

their dark brown shoot bases, whereas plants of C.jamesii lack red-purple col-

oration. The cells of the cataphylls of specimens of C.jun ipemrum and C. timida

are bulging (Fig. 3). Hov \ r,in< /ami a th < itaphylls have cell surfaces that

are collapsed oi i I us 1 < ithiheii mtidmal wall it least in dried specimens. In

living plants, C. timida is distinctive in the color ol its foliage. Its leaves are lighter



Principal Component 1

Fig. 1 . Scatter plot of the scores of principal component 2 vs. principal component 1 from PCA of the measu

ex. Circles represent specimens of Cjamesn, triangles represent Cjunipe

J.The symbols adjacent to"T" represent type specimens.The asterisked square n

?cimen from the population that clusters with C. juniperorum in the study of genetic diversity o
1

tht- 1. /«

>x (Ford &Naczi 2001).

3 in living plants, the

;. Consequently, when

: spikes are concealed

gid, erect, and evident

rect and concealed by

green than those of C. jamcsii and C. juniperorum. Al

culms and leaves of C.timida are quite lax and spreadir

perigynia are mature (.and relatively heavy), most ol tl

by the foliage. The living culms of C.jamesii are more i

than those of C.t im ida. In ( juniperorum. die culnisarc

the greatly overtopping foliage (illustrated in Catling et al. 1993). The wider

leaf blades of C.junipcioi urn have hyaline margins, whereas those of C.jamesii

and C. timida are green. The proxunalmost stammate scale in each spike has

connate margins in C. juniperorum and C Itmida, but the margins are free in C.

jamesii (Fig 4). In addition. I he stammate scales are papillate in C timida, but

nonpapillate in C.jumcsii and C. ntnipcrorum (Fig o). In C.timida, some of the



papillae are elongate and acute. Often these elongate papillae occur in paii>

and resemble arthropod cerci.

Judging from the amount of scatter of points on the PCAplot (Fig. 1), the

morphologic variability O ( jamesii and ol C. timida'^ .imilai bach ol these

species has substantially more variation than C.juniperorum. A specimen from

the population of C. timida that clusters with C.juniperorum based on

allozymes (Ford &r Naczi 2001) is nested firmly within the C. timida group on

the PCAplot (Fig. 1).

Geography

Carex jamesii ranges widely, from northern New York and southern Ontario

west to southeasternmost Minnesota and south to western South Carolina,

northern Alabama, northern Mississippi, southern Arkansas, and

souths i tei rune t Oklahoma (.Fig. CUIt is \ r\ conn ion in much of this region,

but is rather rare cm t of Ohio 1 cniuc.k) Iennessee, and Alabama.

Carex juniperorum occurs in three disjunct areas: southeastern Ontario,

southwestern Virginia, and southern Ohio and adjacent northeastern Kentucky

(Fig. 7). Except for the populations in southeastern Ontario, all populations of

C. juniperorum are sympatnc wiih C. jamesii. The southern Ohio and north-

eastern Kentucky pop lation of ( junipewrun m ympati ic with ( timida

Carex juniperorum is local and quite rare, with populations known from only

Carex timida occurs disjunctly in three areas: the Ozark Mountains of

southern Missouri and nort he n \rl msa the Ouachita Mountains of south-

western Arkansas and southea tern Oklahoma and southwestern Ohio and

Indiana south to northern Alabama (Fig. 7). Throughout its range, C timida is

sympatric with C. jamesii. Carex timida is local and rare, with populations

known from only 20 counties.



Length of Stam. Scale/Length of

Stam. Portion of Term. Spike (RSC)

e variable having the highest loading on principal component 1 (height o

t 2 [ratio of length of proximalmost staminate scale/length of longest (per specimen

spike] for the members of the Carexjamesii complex. Circles represent specimens of C

I i nloj>>

Carexjamesii plants inhabit mesic deciduous wood lands I hey often grow along

streams, usually in uplands, though they occasionally grow on floodplams.

Substrates for C.jamesii arc loams that appear to be calcareous and nutrient-

rich, judging from the diverse associated flora, including known calciphiles.

Someclose associates of C.jamesi

i

'are Aeersaa harum Marshall, CalbursinaE.

Shdd., CamphihoLt Mend ,( . hlanda IVwcy.C laxienlmisSchwem.var.copulata

(L.H. Bailey) Fernalcl, Col'^oearpa Willcl., C. rosea Willd., Cercis canadensis L.,

Diplaziumpycnotwpon(Spirn^jMA\\\mnJ^\drastisi\imidensisLJeffersonia

diphylla(LJPersJaiiderabenzoin(\^)\]\umcAJsmorhizal(mgistylis(Torr.)DC.,

Podophyllum peltatum L, Polystiehum acrosti.hoides (Michx.) Schott, and
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:
ig. 3. Scanning electron m

lataphylls of members of the Carexjamesii complex.

(Naai4039&Thieret,V\

(Naczi 3808 etal.,Vi\H),CCtimida (Ford 98145 &Naczi,

Sangmnaria uinadcnsis L Carexjamesii rarely grows with C. timida (Table 4.

and see below).

Plants ol' Canwju n ipcrora mgrow in mesic wood lands and edges of wood-
land openings, usually with a mixture of deciduous trees and junipers

Quniperus virgmiana L). Especially in Ontario, Cjunipcwrum occurs in juni

per-dominated woodlands with few deciduous trees, particularly surroundin
alvar openings (.Catling et al. lsX)3). In the southern part of its range, (

juniperorum can be found in wood lands that are devoid of juniper. The optima

habitat, judging horn the tact that specimens that are the most robust and pre

duce the most pengynia grow in such places, appears to be mature, relatively

open forests dominated by oaks and h ickories, with lew and scattered juni pers.

Usually, plants of Cju n iperoru moccur far from streams, part lcularly since they

often grow on gent le slopes near hilltops. Its habitats are moist, at least during

the early part of the growing season, often through groundwater seepage. Its



Zl ANDFORD, SYSTEMATIC OFTHhLAREXJAMES!! COMPLEX

,i t'i,.h>u[ )- :
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:..-. f
:f„ M .« H ,Lr,w 1 1 1 enlargement of portion of cataphyll, B. Ter

(right). Carex jamesii: D. Proximal region of staminate
p

view (left) and in abaxial view (right). E.Terminal spike.



9811 6 & Naai, WIN), B. Cjuniperorum (Naai 5524 et al.,

WIN), C.f. timida (Ford 98120 &Naai,WU).

substrates are clays thai arc calcareous a nil d renin neutral (Lading et al. 1993)

and usually are not rock\\ Vascular plants closely associated with Cjuniperorum

inehuh { .u/v.slegm piiliameti U ) Tursh Care x laxijlora 1 am., C ohgoampa, C
umbdkita Willd., Cerci.s rcouuLm.si.s, Hmi.sTmm anuk/ensi's Roem. & Schult.,

Juniperus virgi numa, Lit hospcrmu m remr.s( ens(Mich\. J l.ehm., Lobelia spicata

Lam, Rh usaromatiea Aiton, and V; bu mumput n [folium I .. Wehave never observed

Cjuniperorum growing with any other member ol the C jamesii complex.

Though rare and local. Cjuniperorum is often commonwhere it does occur.

The usual habitat ol ( arexiim'nlu is in relatively open (.sometimes closed)

mesic deciduous and deciduous-juniper woodlands. Populations often occur

high on slopes and. on hilltops, far i mmstreams "I he sttbst rates are loams and

clay-loams that are apparent ly calcareous. The substrates are often rocky, with

limestone at or near the surlace at several sites. Among the closely associated

vascular plant species are Ater sm Ciarune Anstoloc !ua serpentaria I.., Carex



Junipchlandci C. ccphalophoi a Willd.. Carya spp., Ccrcis canadcn

virginiand,Qua-cus pp and I /nuts spp. Of tin nine lies lor C. timida we have

studied in the field f>iu n! tin m U.hohl' n ' ,m. udi! -|i\\[ un i fo>mlT

and C. /a mesi i are sy n topic, C. ( i untie/ usual 1 y grows higher on slopes in slightly

Phylogeny

Wediscovered 13 morphologic ciiaracters us<

of the C.jamesii complex (Table 5). Nine of tru

four are vegetative. Each of these characters

analysis resulted in one mc

the phylogenetic analysis

:ters are reproductive and

o states (Tables 5, 6). The

:ps long (Fig. 8).

The vali

ployed i

, foi the < orisi ,k m \ index and the retention index excluding unin-

characters, are 0.67 and 0.64, respectively. 01 the 13 characters em-

the phylogenetic analysis, 8 are nonhomoplasious, 2 are subject to

tn between the C. jamesii complex and the outgroup (characters #4

d 3 are subject to reversal (#8, 10, and 12).

.vnapomorphies, three of which are nonhomnphenous. diagnose the

complex and support its status as a monophyletic group (character

as in Table 5 in parentheses following the synapomorphy): relatively



narrow staminate portions of the terminal spikes (o); relatively short

proximal most staminate scales (8), reversed in C. nm'nUi: truncate staminate

scales (9); pistillate scales with hyaline margins relatively wide (12), reversed

in C.juniperorum; and pengynia abruptly contracted to beaks (13). Two
nonhomoplasious synapomorphics suppoi t llie sister group status of C.

/un/pemnimand ('..
I imi</</:shoi>t bases tinged with red purple (l)andcataphyll

cells bulging, lag. 3 ( D. bach of the three species m the Cjamcsii complex is

diagnosed by at leasl i wo autapomorphics. ( .<nv\ /i/mr-a/ has relatively long

staminate portions o\ the spikes (T) and staminate scales with free margins, a

reversal (10). Carcxjumpcrorum is diagnosed by culms tjnite short relative to

-Tools (J i. wider leaf bkules with hyaline margins (4). a relatively high num-
ber of perigynia in the terminal spikes (7), and pistillate scales with the hya-

line margins very narrow, a reversal (12). Carcx limidu has relatively long

proximalmost staminate scales, a reversal (8), and staminate scales bearing pa-

pillae, some of which are elongate and acuie (ID. The clade o\ C. jamesii + C
junipcrorum + C.timida has a decay value o\ 2 and has 78'v bootstrap support,

while the C.juniperorum + (.'. timida clade has a decay value of 1 and is sup-

ported m T'Tol the bootstrap replicates.
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The results of the PCA and ANOVAsupport i he recognition of three distinct

speeies in the Carcxjamcs'a complex. The best diagnostic features are CLMHT,
MSCL, RCLM, and RSC. Morphologically, the most divergent member of the C
jamcsii complex is (

'. juniperorum. On boih the RCA and bivanate plots, C
juniperorum is the most distinct of the three species (lags. 1, 2). Of the 16 mea-

sured characters with statistically significantly different means that are ex-

tremes, 10 of them belong to C. juniperorum (Table 3). Measurements for 8 of

these 10 characters represent low ext ivmes. lor measurements of only one char-

acter (MSPL) is C.juinpcioi um intermediate between O /a/aesii and C.timida.

Carex juniperorum is the only species with very short culms (CLMHT), very

short peduncles on the staminate portions o! spikes (MPDCLL), very short

staminate scales (MS(T), very short pistillate scales (1TSCL), very narrow hya-

line margins on its distal pistillate scales iM VIA AY), very short perigynium

beaks (PERIGBKL), culms greatly overtopped by the leaves (RCLM), very short

perigynium beaks relative lot he length o! I he neriyvnia (RHK). a high number
of leaves and bracts on reproductive shoots U-LNO), and a high number of

perigy nia in the termmalspikest PL RK .NO.) ( 'anx nun/vim n in is also the only

species with hyaline margins on the wider leaves.

Carex jamcsii tsdistinctivc mostly in its high values for measured features.

Oi the 1(> measured characters with statistically dillcrent means that are ex-

tremes, 10 of them belong to C.ja mesi i (Table 3). Measurements for 9 of these 10

characters represent high extremes. Lor measurements ol only two characters

(MSCL, MARGW)is C. jamcsii intermediate between C. juniperorum and C
timida. Carex jamcsii is the only species with very tall shoots (SHTHT), very

long staminate port ions oi' terminal spikes ( MSI'L), very long peduncles on the

staminate portions ol spikes IMPDCLI J. vers long pisri date scales (LPSCL), very

long perigynia (PER lGlAvcry wide pcngyniaUT.RlGWk very long perigynium
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1

I I I

+H-

^-+

jamesn

2 4 7 12

+-+

juniperorum

timida

outgroup

data of the Corar

ix.The outgroup is composed of the'

ods). The character state changes are represented by vertical bars (character ni

nonhomoplasious apomorphies indicated by unadorned character numbers, parallelism

by superscript "P" on the character ni

indices (following the slashes) are given a

beaks (PERIGBKL)^

bracts on reproducti

lapsed or flush cell

tinguish Cjamesii.

The status of C.l

scales (MSCL), very

and proximalmost

length of the stami

C. timida include it

/cry wide achenes(ACfiNW), wry long perigynium beaks

i of the perigynia tRBK). and a low number ol leaves and

ve shoots IhFNO). Brown shoot bases, cataphylls with cob

mi i c< ml ,i, nun itt i iK . w uh ei margii ; i
1 o cl

imk/tiai adistinc t specie? i 1< olr ioi than lot ( jann wi

In five quantitative a nun (Ml'DCLL, LFSCL.PERIGBKL,

da is intermediate between C.jamesii and C. juniperorum.

characters with statistically different means that arc ex

em belong to C timida. Carcx limida is unique in having

c portions ol terminal spikes (MSP! i ven long stamina te

wide margins on the distalmost pistillate scale (MARGW),

laminate scales that occupy a wry high proportion ol the

late portion ol pikes(RS( (.Qualitative features unique to

, lax culms and leaves, its relatively light green foliage, and

ire scales. While the features that distinguish (
'. timida arc



less obvious than those of the other species in the complex, it does have several

unique quantitative and qualitative morphologic leatnres supporting its status

as a species. Wehaw chosen the epithet '"timida"' 10 highlight one ol this spn

cies' morphologic qualities (lax culms usually hidden among the foliage and

thus difficult to detect .), but also because the true identity of C.timida had been

undetected lor so long.

ThePCAand bivanatc plots indicate that (
.'. lamesn and C. timida are more

phenetically similar to each other than either is to C.juniperorum (Figs. 1, 2).

Yet, the phylogenetic analysis indicates that Cjunipeiorum and C. timida are

sister species. The retained plesiomorphies o( C.jamesii and C. timida, in com-
bination with the apparently greater amount o\ anagenesis oi C.juniperorum

(as determined by it having twice as i nan vaui a porno i p I lies as C.jamesii and C.

timida), account for this discrepancy between phenct ic and phylogenetic rela-

tionships. Genetic analysis of the C.jamesii complex also supports the sister-

group status of C.juniperorum and C.timida (Ford & Naczi 2001).

The bootstrap and decay values indicate relatively weak support for the

branches in the phylogenetic tree (Fig. 8). The consistency index (0.67) is rela-

tively low, too, due to homoplasy. Given the relatively lew morphologic charac-

ters available for phylogeny reconstruction in these reduced plants, the rela-

tively weak support and moderate level of homoplasy are not unexpected.

Despite relatively weak support for t he tree generally, the monophyly of the C.

jamesii complex is well-supported C character state changes, bootstrap value

of 78'\, and decay value of 2).

The presence ol a greater amount o\ morphologic variability in C.jamesii

and C. timida than in C.juniperorum is congruent with the results of genetic

analysis of the C.jamesii complex (kord & Naczi 2001). The reduced level of

variation of C.juniperorum might be the result of morphologic features that

1

1

mii gencllowtFordC Naczi 2001 ). Caivxjuniperorum docs have several char-

acteristics that would vein to limit outcrossing and w. d dispersal, such as very

short culms, proximal pistillate scales that completely conceal the perigyma,

and very short stigmas. It issurprising that C.timida would have a level of mor-
phologic variation similar to the much more common and wider-ranging C.

jamesii. Still, the geographic range ol' C. timida is large, and perhaps its rela-

tively high morphologic vanabi lit \ results from diverse selection pressures and

One point of disagreement between the results ol morphologic and genetic-

studies ism the relationships ol plants from a population in Queen Wilhelmina
State Park, Polk County, Arkansas. Ford & Naczi (2001) found these plants to

group with C.juniperorum. Based on morphology, a specimen from this popu-
lation is clearly C. timida (Fig. 1).

Each member oft he C/mne.sM complex has a unique geographic distribution.

The limits of the range of C.jamesii are greater in all directions than the range



limits of the other two species, except the northeastern extreme. In I his area. (
.".

juniperorum ranges farther north than C. jamesi i. ( (/rev ju niperorum is broadly

sympatric withC /<nar ,n though iiM.mgt e,<li_-,|unu I li< range of C timida is

completely ei ompassed in the range of C.jamesii. Carex timida differs geographi-

cally from C. jamesi i in be inglirni ted to thn di juncr n nous, while C.jamesii

is relatively contin non icro i >rang< Ih |hi,i of disji mom >l < (mm Li

is similar to several other vascular plant specif I Ik « ipecies occur in the Ozark

Mountains tin Ouachit Mountain md in irea east of the Mississippi

Embayment, but not intervening regions. Taxa sharing this pattern of disjunction

include C. ouachita na Krai, Manhart,& Bryson ( Nacci & Br\ son 1990; McNeilus

1992),Cwi/iaenowiiWilld.(Naczieta] L998),< a tan a ozarkensis Ashe (Johnson

1988; Nixon 1997), Cotinus ohovatus Raf. (Little 1977), Leptopusphyllanthoides

(NuttjG.l Webster I lark 196/ muth 1 > Magnolia tipctala L. (Little 1977;

Meyer 1997), Monarda virgata Raf. (Scora 1967; Smith 1988), and Trillium

pusillumMichx.var.o arkanumi? Lid r & Steyerm.) Steyerm. (Cabe &Werth

199W In i tudy o) h ! lineage \ iih imilard ;ti ibution patterns, Strange &
Burr (1997) found different mechanisms may account for die disjunctions, in-

cluding fragmentation of formerly widespread ranges by Pleistocene glacia-

tions, dispersal event and events that pre dated Pleistocene yl aviation

As with morphologic and geographic data, ecologic features distinguish

the members of the C.jamesii complex. Ecologically, Cjuniperorum is the most

divergent membei oi i ht ( tanwui ornpl. Irgio\'> in die most open habitats

with substrates having the highest clay content. It apparently does not occur

with C.jamesii or Ctimida, probably because of the distinctiveness of its habi-

tat. Carex jamesii occurs in relatively moist sites m closed forest. Carex timida

usually grows in slight I y d ner sites i n more open forests, t hough it often grows

near C.jamesii. The syntopic occurrence of ( jiimi n'ancK timida are signifi-

cant because the two species probably overlap in flowering period and appear

to have the opportunity to interbreed when syntonic. Out morphologic and

genetic analyses revealed no evidence of hybrids. The fact that plants of such

closely related species co-occui and maintain theii distinctions is additional

evidence of their status as separate species.

Carex jamesii is the in east common m< in ber oi the complex In many parts

of its range, it is one of the most commonsedges of mesic deciduous forests. In

contrast, Cjuniperorum and ( titnuLi are truly ran rheh rarity is reflected in

the relative recency of their earliest collection' When <~ ( tamcsii was collected

at least as early as 1824 (the year of its description), the first known collection

of C juniperorum was in 1940 (originally identified as C.jamesii) and of C.

timida in 1921 (again, originally identified as C.jamesii) Though additional

collecting undoubtedly will reveal additional populations of these species, we

recommend a range-wide review of their conservation status, with consider-

ation for protection.



[ hough the eastern North American I lora. is relati velv well studied, it does

continue to har'oor undeseribed species. As with C. jantcsti in this study, mor-

phologically distinctive species described early from northeastern North

America have been a rich source oi previously unsuspected diversity (Naczi et

al. 1998). These spceiesare often so distinctive and easy to identify that they are

thought to be without taxonomic complexity until critically examined. Our

expectation is that future studies ol such species will yield more novelties, in

sedges as well as in other plant groups.

TAXONOMICTRHATMI'NT

Sectional Nomenclature

Much confusion has surrounded determination of the correct name and au-

thorship of the section to which the Cavcx jdiucsi i complex belongs. Most mod-

ern authors (e.g. Mackenzie 1935; Fernald 19x>Gleason Nr Cronqmst 1991) have

used Phyllostachyac Tuck., but recent authors have followed Catling et al. (1993)

in using Phyllostachys (j. Carey) L.I 1. Bailey.

Tuckerman (1843) was the first to apply an mfrageneric name to the C.

jamcsn complex and its closest relatives. 1 l c used "bh\ llo\i, a h\ac" loi ilueespe

cies,( . bih kiiA . j.onc.sooasC '. slcudcln ), and (
.'. in lldcitowti. Though Tuckerman

attributed the name to Cray. Gray apparently did not publish Phyllostachyac

himself. Tuckerman did not provide a description for Phyllostachyac, nor did

he make its rank explicit hri nh'O.ui dtla nana rhvllostachyac cxplh

itly as a section for two huropean species, but again did not provide a descrip-

tion. It was not until 1909 that Kukenthal validly published the name
Phyllostachyac at the sectional level.

Carey (1848) was the first to use the mfrageneric name "Phyllostachys" ior

the same three species as iuckcrman, and at in failed the name to Torrey and

Gray. The attribution o\ the name to Torrey and Gray is probably because of

their suggest ion that C. willdcnowii nan belong to a genus separate from Carex,

one "...to which the name /'/iv/lnsnu /ox would be appropriate" (Torrey 1836:404).

While Carey described the mlVagenei ic group lie called Phxllostachys, he was

not explicit about its rank. Apparently. Bailc\ I 1B8T) was the first to explicitly

assign the rank of section to the name Phyllostac hys. I le also listed the mem-
bers of the section, designated its type, and divided the section into two "subor-

dinate groups" (rank not explicit). Bailey placed six species in sect. Phyllostachys:

C. hachii, C.geyeri Boott, C.jamesi i las C. steudeli i i), C. mult icaulis L.H. Bailey, C.

phyllostachys C.A. Meyer, and 0. willdcnowii. He clear!)' designated C.

phyllostachys the type ol t he sect ion by stating, ". all but I he type species exclu-

sively American." Furthermore, he regarded (
'. km kit 0. jamcsii, and C.

in/k/enmn/ as different enough from typical members ol d/iv/kafu* livstmis

sign them to the Tea fiord mate group" Hvactoidcac.



Weregard C. phyllostachys as belonging to a section separate from C.ja mcsi i

and its closest relative Carex phvllosiacli) lac! the apical dilation of culm

that characterizes the C. jamesii complex and its allies. In addition, C.

phyllostachys has multinerved and vetricose pengvn ia, unlike the unnerved (but

I i ibbrdj non\ nl k ose p< m\ nia in f \\c( joint on on iplo nd ill i !> < in i

Bailey used C phyl/ostac/rys to typify sect. Phyllostat hys, "Phyllostachys" cannot

be used for the sect ion that includ tli ( /<.")(. iicomple> Instead, the correct

nanir indautlioi hipotth- uionrh tiiulndi i!h( j< out mi complex is Carex

sect. PhyZZostacfryae Tuck, ex Kuk.

Carex section Phyllostachyae Tuck, ex Kuk., Pf lanzenr. IV. 20 (Heft 38):642. 1909.

\on (anx section I'ln lh, li . In i loiu-wV A Gra> e\
I

i n. '1 H Bailey. Bot.Gaz. 10:208. 1885.

Tvpf: Gnvv ph\ll»shuhys C.A. Meyer.

Identification Key to Members of the Carex jamesii Complex

. Tallest i In 11 rt it i f
[

I nt hi- il i i I S|

0.3-0.7 mmwide; pengynium beak 34-53% of perigynium length.

.4-2.3(-2.5)mmlong,34-<

,1 i , I mm it;< ile in l riin I spike 1.1 1 I) nirn long, I

,f lenuiki 'I t .in, rot
\

onion if terminal spike p i , rnuni beaks fl " i

! mmlong, 39-53% of perigynium length;shoot bases lacking red-purple

Carex jamesii

perigynium length Carexjuniperorum

Carex jamesii Schwem., Ann. Lyceum Nat. Hist. NewYork 1:67. 1824. type: U.S.A.



Perennial herb, densely cacspitose. Rhizome* very short, 0.1-0.4 mmlong be-

tween shoots or branches of the rhizomes, covered with cataphylls, with in-

ternodes 0.1-0.2 mmlong and 1.2-1.9 mmthick. Shoot bases surrounded by

cataphylls, dark brown or ferruginous to stramineous, lacking red-purple col-

oration. Reproductive shoots 12-0 3 cm tall, spreading; culms 5.7-41 cm tall, the

tallest 14-41 cm high, slightly to moderately overtopped by I lie leaves, t0. i> )

0.52-0.720-0.86) o\ shoot height, 0.4-0.7 mmwide at midheight, smooth proxi-

mal ly and denticulate in distal half, acutely trigonous and three-winged, di-

lated just basal to terminal spike, 0.7-1.5 mmwide just basal to terminal spike.

Cataphylls glabrous, multicostate, with cells with their outer walls sunken or

flush with their anticlinal walls. Leaves 3-5(-6), blades 1.1-59 cm long, 1.2-3.1

(-3.5) mmwide, the widest (1.8-)2.3-3.K-3.5) mmwade, deep green, flat to barely

plicate, glabrous, adaxial sttrlace smooth or sparsely antrorsely scaberulous in

distal portion, aba.xial surface smooth; margins green, smooth or antrorsclv

scaberulous in distal portion; leaf sheaths 1.8-9.8 cm long, tight, glabrous;

adaxial face of sheaths with hyaline band, hval meband with apex subtruncate;

ligules subtruncate to depressed-hngulate, O.b-1.4 mmlong. Vegetative shoots

I i ""i
/' wiii tall; leaves like those ol reproductive shoots; pscudoculms ii-^tm

tall, 1.1-2.6 mmwide at mid-height, 0.09-0.30 o^ shoot height. Infructescence a

single terminal spike and (0-)l-3 lateral spikes. Spikes androgynous, simple,

with staminate scales and perigynia spirally and densely imbricate. Terminal

spike atop widely spreading to nodding culm, 6.4-15.7 mmlong, 4.8-9.3 mm
wide; staminate portion 2.4-10.3(-13.5) mmlong, the longest (4.9-)6.0-10.3

(-13.5) mmlong, 0.4-0.7C-0.8) mmwide, 5-12-1 lowered, on peduncle 0.8-3.8 mm
long; pistillate portion overlapping and usually execcil by staminate portion

but sometimes slightly exceeding staminate portion, 6.4-11.3 mmlong, 4.8-9.3

mmwide,(l-)2-3l 4)-f lowered. Lateral spikes on widely spreading to nodding

peduncles arising Irom base o\ culm; peduncles 2.7-14 cm long, capillary, flat,

narrowly two-winged, dilated just basal to spike: spikes similar to terminal

spikes except staminate portion 2.0-9. 5 mmlong. Proximalmost staminate seaie

of each terminal spike 1.1-1. 9(-2.1) mmlong, 0.1 3-0.261 -0. 75) of length of stami-

nate portion of terminal spike, 0.7-1.4 mmwide, short cylmdric, truncate or

subtruncate (very broadly ovate), longitudinally Lvemed in basal 0.7, with lon-

gitudinal and narrow green band centered on vein, transversely brown-banded
distal to apex of green band; mat u in i o\crlappin ba.se ol uljacent disi I

staminate scale but not sheathing it.hvalme. Histalmost pistillate scale of each

spike 3.8-21 mmlong, 1.0-2.4 mmwide, ovate to lanceolate, acute and awnless

but occasionally with awn to 5.9 mmlonger longer scales Inal dike, center green

and 4-9-veined, margins hyaline, whitish or whitish with brown band paral-

leling margin, hyaline margins (0.
3 -)0.4-0.7 mmwide. Proximalmost pistillate

scale of each spike with moi phology dependent on spike position; in terminal

spikes, proximalmost scale leaf-like: in lateral spikes, proximalmost scale ovate



and awned or awn less. Proxjmalmost pistillate scale ol terminal spikes 12-119

mmlong, the longest 11-119 mmloin: ha il portion 1.6 2.9 mm^
i ck pai

tially or complete]} toi H ejli iv.
|

U ti \ m,i mun \ n !i h\ dine margins, green

portion » I

' n i\,d Imlim union 001 InmooJ.. d^tal portions green,

long-acuminate, witi antroi el\ caherulous margins. Other pistillate si ties

il pr< ,em hetwc < i proximal most and di talmost ,eale morphologi< ilh in

termediai 1) ween dist imosi nid proxim Imosl < U I ilamt nts lammat

0.20-0.30 mmw ide u nail) lightly wider than anthei inthers 3, 0.8-1.2 mm
long. Stylesjointed with summits of achen< portion di ml to achenes wither-

ing with age. Stigmas 3, 1.7-2.1 mmlong, withering with age. Perigynia (4.8-)

5.4-6.8C-7.6) mmlong, 1.8-2.3(-2.5) mmwide, (2.3-)2.'5-3.3(-3.6) times as long

as wide, (2.1-)2. 4-3.0 times as long as achenes, ascending to spreading,

subrotund to very broadly trigonous m cross -section, 2 ribbed, nerveless, gla-

brous, pale green to tan narrow:! y ovoid to narrowly el 1 1 psoid with obovoid body

and compressed-deltoid beak; body tapered from widest point to subacute base,

abruptly contracted to beak; beak (1.9-)2.3-3.4(-3.9) mmlong, (0.39-)0.43-0.53

of perigynium length, straight, scaberulous on angles, apex entire. 3i acnm 1.9-

2.8 mmlong, 1.8-2.4 mmwide, 0.9-1.4 times as long as wide, tightly enveloped

by perigynia, subrotund to very broadly trigonous in <
i os ctiomim vat ith

3 longitudinal paler brown lines that intersect at style base, subglobose, ba-

sally abruptly contracted to light tan stipe, beakless; stipes 0.3-0.4 mmlong,

0.8-1.1 mmwide (Fig. 3A,4,5/U

Representative Spe inu i

f
n-n n rl nlMn.ni ioh m i Oi i in ti il ni 1

ses CANADA.ONTARIO. Essex Co.: Pelee Island, Fish Point, :

VPI ctb) Kent Co.. Oil ) i 1 If I i I Hi I 1 UMICH*) Middlesex

Co.: 9 km ESE of Glencoe P.O.,N side of Thames Rivr ^> M I

11
•

. -< «°Q (MICH, MO, ctb*).

WellandCo.:2 5m V\ 1 i n II t n n lUhfon Point, 1 Jul 1958, Ca/der 23864 (MICH*, MT, US).

U.S.A. ALABAMA.Madison Co.: Huntsville, Monte Sano State Park, 8 May 1 986, Naczi 1020 (DOV).

Marshall Co.: near Grant, near bottom of Fletcher's Hollow, 1 3 May 1 939, Harper 3728 (MICH*, US).

Tuscaloosa Co.: along Warrior River, ca. 0.25 mi above Lock 1 4, 1 May 1 935, Harper 3366 (MO, PH,

US). ARKANSAS.Benton Co.: N of Bella Vista. 17 May 1 986, Castaner 9209 (MO, ctb).Carroll Co.: US

\ -"iossCo.:WofBirdeye,20

Franklin Co.: ca. 1 mi N of Cecil, 1 2 May 1 989,Naczi2151 (DOV,ctb).

Howard Co.: ca. 8 mi Wof Umpire, N of route 4,alornOV ule I
i

i
I

i
< t 1 7 May 1 988, Naczi

1925 (MICH*). Marion Co.: Hand Valley at Ranchette (White F i
- rea, 1 May 1 992, Hyatt

4821.45 (MICH*). Montgomery Co.: ca.6 mi NWof Mount Ida, 20 May 1 994, Naczi 3935 & Ford (DOV).

ScottCo.:ca.2miNofYCity,10May1989,Nacz/272S(DOV,ctb).StoneCo.:ca.3miENEofFiftySix,

21 May 1 986, Naczi 1206 (DOV). DISTRICT OF COLUMBIA. Washington and vicinity, 1 5 May 1896,

Steeles.n. (MU*).ILLINOIS.CookCo.: Elk Grove, 28 May 194 Chase949 (I I JacksonCo.:5 mi SW

of Murphysboro, 1 1 Apr 1 976, Solomon 1453 (MO). Jo Daviess Co.: 7.5 mi NWof Stockton, Apple

River Canyon 16 lur I m Peoria Co.. M Mm,- II It Jun 1897, Chase 36

(MO, PH, US). Pulaski Co.: 2. 1 mi SWof Olmsted, along E side of route 37, 26 May 1 990, Naczi 2488

(DOV*,ctb) Saline Co.: 1 mil E I H mebuiu 20 M i^ I'
11 '

' H ' 1 H*) Winnebago Co.:

Wof Rockford, 4 Jun 1 954, Fell 54303 (US). INDIANA. Carroll Co.: 5 mi E of Brookston, 8 Jun 1 924,

Deam40663 (NY). Henry Co.: 3 mi E of Mt. Summit, 24 May 1 938, Kriebel 5284 (NA). Wabash Co.: ca.



<min .i .t ' km h h- i IN mm i
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i . 1

i ,, I

>
1

' lOWA.Hardin

Co..' i ii.
.

ip, Johnson Co.: •

i

Park,25 May 1954, Tho ([ II II. N\ Mill-'..: I
i m < i N.R41W, section 24,29

May 1992, W/Vson • II Story Co.:
'

\. - M> KANSAS. Linn

Co.:LaCygneLakePail il n milt mif m ui i M '

i 1 Mm <* 'S/9&Kezn/cefr(MICH*,

ctb).Miami Co.: Miami muinu t.,t. I ih h ", m, |
. u ,„ WMlb KENTUCKY.Barren Co.:

ca.3 mi 55Wof Haw, • M I n i i I i t it,
1 1 tut, I u kj 1 i km I

' > m, t )
v //, , ,, (KNM)

Bath Co ,( , Calloway Co.: I ickusburg,W Fork

Clarks River, 30 May I '• >

'

'

i

'

I Cumpbt II to. , i n
i

• M
rout. lun1Qu< Fayette Co.: ton,6Jun 1942, McFarland93 (MO,

NA,PENN,PH,TENN,US).GravesCo.:l I tmial 1 Apt I

-
t ( mmMURWKU). Henderson

Co.:Henderson,Aiickihuii nt. fjuiiu h. u. 1 1 km 1^> 'J,„ ,ni Mmr-g (KNK*). Laurel Co.:

ca.6miWNWofBeit I It I nil i! II I 1 1 I
i t 1 M 1 KlQ&lmd (DOV")

LetcherCo:bfionb It I i |it I i t II i
m ltl | 1V \,Mc:Kinney6l (DOV)

Madison Co.: 5 mi V\ > t ntt r th Inn n I 1 km 1 ^
,

- /, meek (DOV*). Monroe
Co.:ca.8miSEofTon n k ilk ,t mut. It i I oK lord (DOV). Pendleton

Co.: 2 mi ESE of Falmouth lun M'U >. M '
< <« h-i ill tl MARYLAND.Cecil Co.:

1.0miSEofConowingo,0.2nii[ of routn 222 bride |r,aloiH] M toraioc mrk,29May l^^,Nu<./i805l

(DOV*). Kent Co.: N,m . I
i ,-

. Montgomery Co.: Cropley.along

Potomac River, 4 Ma\ 1' ' ,m Ms ' (M 1 NA) MICHIGAN. Allegan to
1 8 Jun 1942, Bazm Ingham C

Washtenaw Co.: • ., t, i i
,'2 -,. Wayne Co e i m

VPI, ctb) MINNESOTA.Fillmore Co.: I on t ilk t it. k,nt id| k , nt to outh Branch Root River, 19

Jun1984,G.At4/htv/<^ < (ctb*), Houston < ),: Bea t i.k kin, tatt> Park, 19 Jun 1984, Wheeler

839/ (ctb) MISSISSIPPl.Lowndes Co.: tihof^tt
i 1

'
1 1

-
, -mM(ctb) Oktibbeha

Co.: »s mi E of Mis, i i|
(

mmUm
, it MmaM <

*-, imb ctb).Tishomingo

Co.: Yellow Creek Qui I null II I Mi 1 I III I Tunica Co.: ca. 1 1 mi S of

Tunica, 24 Apr 1
9< b MISSOURI. Boone Co.: Columbia, Grind-

stone Park,8 Jun 199i R< i el I nlhway Co I R8W, section 3,24 Apr

1
u;,. 2- Christian Co: us mi

<- ot end I toad II i , , , , - n,

(DOV). Cooper Co.: 0^ mil .fjutmlion ,f tout. \l
l

I f 1m PI , taner6380 (ctb*). Jack-

son Co.: Independent- r,2 lun 1895, /Ms/; /<W (DOV, NY). Schuyler Co.: i mi E of I ivonia, along E side

of Chariton River, 1 Jul I
. Scoli ( .> >

-l mi S of Blodgett,0.6 mi

S on main road into I > M, ad- . b t , lt , ], u n I ,m f- 4, •: ,vv, (MICH*) NEBRASKA
Richardson Co.: SE oil i

I il tmMmiiii ih i

' lui Mn ,, i !
' 10 NA) NEWJERSEY

Hunterdon Co.: Lamb, n ill, t „ t
, t > „ -at Hill n, it I

>, Ih m hi,i I Mas 1924, Long 30383 (PH).

Mercer Co.: N of Moon \pi I

>

> , i[j
,

i NEWYORKMonroe Co.: Near Honeoye
f ml P.. l Tompkins Co.: Ithaca, Six

Mile Creek,8 Jun • NORTHCAROLINA. Durham
Co.: 3 or 4 mi N of Durh m , . m, f I II Mil , I 2 n , il I Eno River, 8 May 1972,

V,MO,MUR,MICH',TENN,VPI) LeeCo.:2 rmVVol Moncure, near Deep River,

VTENN) OHIO. Butler Co.: f ol Miami Univnsitv <:ampus,Eof Marcum
Conference Center, k) Apt Pi'M, Vim <<nl-V> -J" (MUMLawrence Co.: n ', mi Wof Burlington, 21 Apr

1992, Cusick 30148 (MICH). Montgomery Co.: ca.2 mi SVV of Farnvrsvillr, ca. 0.2 mi E of Anthony

Road,0.3 mi SSWof |un i
i t ith i I ,1ml

i i m
i

I ^\ Mi 1 ^8 Naczl 7363 & Ford

(DOV*). OKLAHOMA.Cherokee Co.: 5 mi NNE ol lahlequah 1
=1 ,Via\ 1987, Naczl 1591 (DOV).

Delaware Co.: along N shorn of Lake Eutha, 1.6 mi 1 of unite 59/ 10, ."^ May 1994, Hivnu ek <->// 5 &
Reznicek (MICH*, ctb). McCurtain Co.: ca. 9 mi N! ol Biokcm Row, I 2 May 1987, Naczi 1576 (DOV,

MICH) Muskogee Co. I i i
] i

II in tm ' M MM'.m M? (NA) PENNSYLVANIABedford



Sinking Spring, 6 Jun 1'
1 G'" n i

[ [

i|
I

l 1 1 I [ NN). Bucks Co.: E of Ottsville, by Tmicum

Creek, 30 May 191 5 (-.ntreCo \\ , hi 2539 & Clausen

(NA, US). Franklin Co.: i
' PH) Lancaster

Co.: Shenk's Ferry Ra\/n» • lunGMn u -- il [ Nl I PH). Westmoreland Co.: Near Saunders,

Turtle Creek, 27 May 19 Brigh i I I SOUTHCAROLINA. McCormick Co.: E of Savannah

River, Steven's Creek Pie . r t I pi 1

' (has) TENNESSEE.Cannon Co.: ca. 1 .5

mi NE of Sugar Tree Knohi himh o ITIIM IJ.nl I i mi ml nn Road 3 May 1989,

Cheatham Co ive large truck park,

28 Apr 1993, Kra/827 7S(MICH *,ctb). Davidson Co.: Nashville, 30 May 1990, Wacz/ 25/8/4 &/Cra/(DOV).

Dekalb Co.: 0.4 mi Won IN 141 Ironijum Hon IN Gi at Center Hill Dam, 30 May 1988, Thompson 88-

6/7(BEREA).DyerCo.:NWofDyersburg,29Apr1Q1- »
- II NN) Franklin Co.: Near

Sherwood, 3 May 1 941 , Shanks 1305 (TENN). Obion Co.: ca. 3.5 mi E of Ridgely, 27 Jun 1 995, Naczi

4852&Rezmcek(DOV). Perry Co.: Eoflind n n old R13,E id f Bull.ilo River,4 May 1993,Kra/

82279 (MICH*, ctb). Putnam Co.: Caney Fork River,
''^ Apr C' '

' './/-><" N< ) PH) Rutherford Co.:

WofMurfreesboro off h il i il u innin i -| i
I " 420 (ctb*). Trousdale

Co.:ca.3miNofHartsvill< 1 1 la i 7 \ )794 (MO, PH). VIRGINIA Appomattox Co.: Just N of

'
i

- M |

| l

i

BithLo ,i ii ill lin«i
r

prings 23 Jun 1994,

Naczi4482&Thieret (DOV). Fauquier Co.: 2.5 mi below Thorofaie Gap, I

! May 1945, Allard 11243

(MT,PENN,VPI).LunenburgCo.:ca.13miSEofLuneni in
i

il i II I
i k kin l St it. (or

5982 (MICH, MO, VPI, ctb). Prince George Co.: By James River, Indian Point,6May 1 940, Fernald

&

Long 1 1 768 (MO, PH, US). Rockbridge Co.: Natural Bridge, Cedar Creek, 30 May 1 891 ,
Churchill 91

(MO). Surry Co.: Mono Cm- I i m m . n ,n um ' ^ onq 0862 (PH, US, VPI).

Wythe Co.: Jackson'-, I erry, ,>> Jun 1 940, Hermann 1064'-) (NA). WESTVIRGINIA. Cabell Co.:

Guyandotte,13AprC" NP h<u n [|,l Fayette Co.: ca.8 mi NE of Beckley,

New River Gorge 20 f i 1 i

' H il Mason Co.: 0.5 mi down 16 Mile

Creek Road (
* Ii i

^ndletonCo.. c« 5 mi

WNWof Cherry Gro i '1 '
'

I
ll

M
' lb) Wayne Co.: Mouth

ofBigCreexcM: 1 WISCONSIN Grant Co.

1 979, Tans 1 920 (WIS). Green Co.: On "K" near Oakley store, 2 Jun 1 958, Fell 58-176 (WIS). LaCrosse

Co.: Branch of Coon i
i I ir J h it i i II G'Junl'CV Hj t i

>t. 18:497. Type: CANADA.

Perennial herb, dense!) caespitosc. Rhizomes very short, 0.1-2.1 mmlong be-

tween shoots or branches of the rhizomes, covered with cataphylls, with inter-

nodes 0.1-1.6 mmlong and 1.3-1.9 mmthick. Shoot bases surrounded by

cataphylls, dark rechpur | oh rof< rrugmous usually dad I h ou n tinged with red-

purple; red-purple col oral ion extending 17-68 mmabove base of plant. Repro-

ductive shoots 8.2-45 cm tall, spreading; culms 1.9-9.1 cm tall, the tallest 3.2-9.1

cmhigh, greatly o\ ei lopped In tin leaves, 0.15-0.32 of shoot height, 0.3-0.7 mm
wide at midheight mooili vcent denticulate just basal to terminal spike,

acutely trigonous and th ret winged or oe< isionall) loin or five-angled and

lout or loo wing, d dilated |nG b.i.il lot. 'tminal pik< 8-1 3 mmwide just

basal to terminal piki CaUiphyUs glabroi tnultieostat. with cells with their

outer walls bulging. Leaves 6-11, blades 1.1-43 cm. long, 0.7-4.2 mmwide, the



widest 2.: Z-4.2 mmwide, deep green, flat

surfaces]: riooth or minutely papillate or sp<

tal portio n, abaxial surface smooth or mil

blades In: aline, hyaline portions 0.05-0.2 m

to b. u l\ plu ah gl i > .mi .m i iJ

irsely antrorsely seaherulous in ciis-

nutelv papillate: margins ol wider

in wide: margins ol nai rower lilad.es

green; margins of al I blades smooth or antrorsely seaberulous in distal portion;

leaf sheaths 1.4-8.2 cm long, tight, glabrous; adaxial face ol' sheaths with hya-

line band, hyaline band with apex truncate; ligules truncate to depressed-

Ungulate, 0-0.7 mmlong. Vegetative shoots 9.8-45 cm tall; leaves like those of

reproductive shoots; pseudoculms 1.3-5.6 cm tall. l.l-3.7mm wide at mid-height,

0.11-0.16 of shoot height. Injructescence a single terminal spike and (0-)l-3 lat-

eral spikes. Spikes androgynous, simple, with staimnate scales and perigyma
spirally and densely imbricate. Terminal spike atop erect or ascending culm,

54-13.1 mmlong, 4.9-8.8 mmwide; staimnate portion 3.1-8.4 mmlong, the long-

est 3.6-8.4 mmlong, 0.4-0.9 mmwide, 8-17-flowered. on peduncle 0.1-1.4 mm
long; pistillate portion overlapping and exceeding staminate portion or slightly

exceeded by staminate portion, 5.4-9.4 mmlong, 4.9-8.8 mmwide, 4-8-flow-

ered. Lateral spikes on ascending to spreading peduncles arising from base of

culm; peduncles 0.7-6.3 cm long, capillary, flat, narrowly two-winged, dilated

just basal to spike; spikes similar to terminal spikes except staminate portion

1.7-2.9 mmlong, pistillate portion (2-)4-6-flowered. Proximalmost staminate

scaled each terminal spike0.9-f.6 mmlong, 0.13-0.25(-0.34)of length of stami-

subtruncate(very broadly ovate), longitudinally kveined in basal 0.7-0.8, with

longitudinal and narrow green band centered on vein, with green band nar-

rowly bordered by dark brown; margins connate m basal 0.3-0.8, free apically

tightly sheathing adjacent distal staminate scales, hyaline. Distalmost pistil-

late scale of each spike 3.0-10.1 mmlong, 1.1-1.5 mmwide, lanceolate, leaf-like,

acute, awn less, green and 1-5- veined except for margins, margins hyaline, whit-

ish, hyaline margins 0.05-0.2(-0.3) mmwide. Proximalmost pistillate scale of

each spike leaf-like. Proximal most pistillate scaleol terminal spikes 12-36mm
long, the longest lo k) mmlong; basal portions 1.0-3.4 mmwide, completely

concealing perigynia. green with hyaline margins, green portion 3-9-nerved,

hyaline margins 0.0 5 0.2 mmwide:distal poriioiisgreen, long-acuminate, with
antrorsely seaberulous margins. Other pistillate scales morphologically inter-

mediate between distalmost and proximalmost scales. Filaments laminar, 0.20-

0.30 mmwide, usually slightly wider than ant hers. Anthers 3, 1.1-1.7 mmlong.

Styles jointed with summits o\' aehenes, portions distal to achenes withering

with age. Stigmas 3, 0.8-1.2 mmlong, withering with age. Pengynia (3.9-R2-
5.0C-5.4) mmlong, 1.7-2.1 mmwide, 2.0-2.6(-3.0) times as long as wide, 2.0-2.3

times as long as achenes, ascending to spreading, subrotimd to very broadly

trigonous in cross seel ion. 7 ribbed, nerveless, glabrous, pale green to tan, nar-

rowly ovoid to narrow l\ ellipsoid with obovoid bodv and compressed-deltoid



beak; body tapered from widest point to subacute base, abruptly contracted to

beak; beak (1.2-)1.4-1.8(-2.2) mmlong. 0.30-0. 381-0.4 3) of perigynium length,

straight, smooth or baieb > < ibi t ulou on eimh up- - nun \t /kok n ' > .

mmlong, 1.6-2.1 mmwidi 10-1 hum i lone i vvid< i ightly enveloped by

perigyma, subrotund to very broadly trigonou mcro ciion brown wit h 3

longitudinal paler brown lines that intersect at style base, subglobose, basally

abruptly contracted to light tan stipe bcakk s aapcsO 3 mmlong, 0.7-0.8 mm
wide (Pigs. 3B,5B).

ses. CANADA.ONTARIO. Hastings Co ion River, 11 Jun 1991,

Catling 9102 (MICH *) hn ' f L m hi I h 1 ' Vow (MICH*). U.S.A.

KENTUCKY.Bath Co.: Salt Lick, 12 May 1940, Mchv ,r , mN^ Inn \> of Polksville on US 60,

"BlueClays"on Fearm
i

I I iiu
1 1 I

H i m i Wof Owingsville,ca.0.5

miSofroute60,0.3miEofOreMineRoad,16May W<4 , 'fM[.n\ Mk H WIN,ctb).FIeming

Co.:ca.4miEofHillsboro,alongNsideofroutel013,cY '.!,, I --v • hz n & Ford (DOV*, MICH).

Lewis Co.: 3.2 mi E of routes \(U ', 'June tion inTollesboro.S of route 10,', May 1994,/Vocz/ 3802 et

al. (DOV*,VDB,WIN cth) u.
r mi I r iTrnnt Hn ihr ,l ,, 1 1 uu/i 3808 et al. (APSC,

DOV*, VDB, WIN, ctb); ca. 3.3 mi SWof Concord, N sid^ .1 i im. 4 ,
<

I < i. - 4 I
', .ad, 10 May 1 996, Naczi

5524 etal (DOV* WIN I i
i

u id [J I I i it , o Naczi 5538 & Trauth

(APSC,DOV*,MICH,VDB,VPI,WIN,ctb).OHIO.AdamsCo.: I mi N .f W. t riion on S side of Adams

Lynx Praine,6 May mm>v i^ > wmiux i,|.|| , ,,,, tin Hanging Praine"N of

Black Run Rd.,6 Ma\ II o - u < , iM( H ) i i f IF I h h'
I

, S side of route 32, 16

May 1994, Wacz/ 3878 (DOV*, WIN, ctb). VIRGINIA. Montgomery Co.:, idl rd ilo n, i ,,

' V1ICH*,VPI).

( ji<\ IihiiiKl
|X K SrB.A.lmrd p. rw I i I A. klWll'CKY Rowan Co.: ca. 6.5 mi S

Perennial herb, densely caespitose. Rhizomes very short, 0. 1 0.5 mmlong between

shoots or branches ol ihe rhizomes, covered with cataphylls, with internodes

0.1-0.2 mmlong and 1. -1-1.8 mmthick. Shoot bases surrounded by cataphylls,

dark red-purple to ferruginous, usually dark brown tinged with red-purple; red-

purple coloration extending 34-47 mmabove base of plant. Reproductive shoots

17-45 cm tall, spreading; culms 4.6-34 cm tall, the tallest 9.0-34 cm high,

slightly to moderately overtopped by the leaves, (0.39-)0.59-0.83 of shoot height,

0.4-1.0 mmwide at midheight, smooth except denticulate past basal to termi-

nal ,pikc. acuteh trigonou tnd three- winged. d\ latcd just .basal to terminal



s| )i k<\ 0./-I i mmwide just basal to terminal spike, i'.ataphylls glabrous,

multicostate, with colls with then outer walls bulging. Leaves 4-6(-8), blades

4.1-35 cm long, 1.0-4.3 mmwide, the widest (1.6-)2.1-4.3 mmwide, medium

green, flat to barely plicate, glabrous, adaxial surface smooth or sparsely

antrorsely scabcrulous in distal portion.abaxial surface smooth; margins green,

smooth or antrorseb < boil u in distal portii ideal heath I
So. 4cm lory

tight, glabrous; adaxial lace of sheaths with hyaline hand, hyaline band with

apex subtruncatc to slight 1\ convex, ligiilc.ssiibtnmeatc 10 depressed-Ungulate,

0.2-1.8 mmlong. \ eyeful i ve shoots 18- pi cm tall; leaves like those of reproduc-

tive shoots; pseudoculms 3.2-7.6 cm tall, 1.5-2.9 mmwide at mid-height, 0.14-

0.20of shoot height. O/nafrsreMrea in leterminal piL md 1-3 lateral spikes

Spi kes androgynous, simple, with stain mate scales and pengynia spirally and

densely imbricate, lermmal spike atop widelv spreading to nodding culm, 6.8-

8.8 mmlong, 4.6-6.8 mmwide; stammate portion 2.4-5.61-6.2) mmlong, the

longest 3.4-5.6(-6.2) mmlong, 0.6-0.8(-1.0) mmwide, 2-12-flowered, on pe-

duncle 0.4-2.3 mmlong; pistillate portion overlapping and exceeding stami-

nate portion or slightly exceeded by staminate portion, 6.8-8.5 mmlong, 4.6-

6.8 mmwide, 2- K-4)-l lowered. I aleral spikeson widely spreading to nodding

peduncles arising from base ol culm; peduncles 1.4 21 ran long, capillary, flat,

naa lowlv two winged, dilaled jusi basal to spike; spikes Miiular lo terminal

spikes except staminate portion 1. I
-1.2. mmlong Proximal most stanunate scale

of each terminal spike (1.9-)2.1-.3.3 mmlong, (0.35-)0.44-0.65(-0.77) of length

of staminate portion of terminal spike. 0.0-1. 7 mmwade, shortwylindric, trun-

cate or subtruncatc (very broadly ovate), longitudinally 1 veined in basal 0.7,

with longitudinal and narrow green band centered on vein, transversely brown-

banded distal to apex ol guru band or with brown patch completely surround

ing green band; margins connate in basal 0. HIS, free apically, tightly sheath-

ing adjacent distal stammate scales, h valine. Hist almost pist i Hate scale of each

occasionally with awn to 2.3 mmlong, center green and 3-7-veincd, margins

hyaline, whitish with brown band paralleling margin, hvalme margins 0.4-0.7

mmwide. Proximal most pistillate scale ol each spike villi morphology depen-

dent on spike posil ion; in nominal spikes, pioxnualmosl s ale usual ly leal like,

rarely ltkedistalmost scale; in lateral spikes, proximalmost scale likcdistalmost

scale. Proximalmost pistillate scale ol terminal spikes 1 1 42(-81)mm long, the

longrsi |/-
| g 81 ) mmlong; basal portions Id 2.1 mmwade, partially conceal-

ing perigynia, green wiih livalme margins, gi ecu portion 3 12 nerved, hyaline

margins 0.05-0.3 mmwide; distal portions green, long-acuminate, with

antrorsely scaberulous margins. Other pistillate scales, if present between

proximalmost and distahnost scales mor]-)hologieallv intermediate between

distalmosi and proximalmost scales, filaments laminar 0.15-0.20 mmwide,

usually slightly wider than anthers. Anthers 3. 0.4-1.5 mmlong. Styles jointed



with summits of achenes, portions distal to achenes withering with age. Stig-

mas 3, 1.4-1.6 mmlong, withering with age. IVngynm (4.0- ) 1.4-'h.0i (a.Oj mm
long, 1.6-2.1 mmwide, (2.2-j2 - ; I mi. > . long. is ui.le, I

0-2 4 times as long

as achenes, ascending to prcaclinr. ubrotund ro ver\ bioadly trigonous in

> io,s sou ion 2 nbl>< d u< i
\i

1 1 , b.ibions julcou n i<o n narrowly ovoid to

narrowly ellipsoid with obovoid body and compressed-deltoid beak; body ta-

pered from widest point to subacute base, abruptly conn acted to beak; beak

(1.4-)1.7-2.3(-2.5) mmlong, 0.34 0.44 of perigynium length, straight.

scaberulous on angles, apex entire. Achenes 2.1-2.5 mmlong. 1.6-2.1 mmwide,

1.0-1.4 times as long as wide, tightly enveloped by pengynia, subrotund to very

broadly trigonous men >ss sect ion I >i own with 3 longitudinal paler brown lines

that intersect at style base, subglobose, basally abruptly contracted to light tan

stipe, beakless; stipes 0.3-0.5 mmlong, 0.7-0.9 mmwide (Figs. 3C, 4, 5C).

Additional Specimens Examined. Specimens marked' oh istensk' an thins, measured for statisti-

cal analyses. U.S.A. ALABAMA.Colbert Co.: ca.4 mi SofTuscumbia,N slope of Little Mountain,31

Mar 1 935, Harper 3325 (MO, NY*, PH, US). Jackson Co.: 9 mi S of Huntland [Tennessee], by Ala. 65, 28

Apr 1972, Krai 45800 \\\ \\. Wddnonco l< i n , ill i
|

i i n 14

Apr 1 93,5, Harper 3331 (MO,NY,PH,US);E Huntsville,Mt.Monte Sano,along Bankhead Parkway,2 May

to Monte Sano State P it! '
i

]>- ., m ^-/fin n II II .'/IN, ctb). ARKANSAS.

Baxter Co.: Clifty Cam >n 1 'mi '"
i iM ! fi u, il F >ml Tl Nil f 'I 1/4 of section 33, 14

Apr 1 992,Hyatt 4528,03 (MICH*),T1 7N,R1 2W.NW1/4 of section 32,30 Apr \992,Hyatt 4815.03 (VDB).

(MICH, VDB ctb) oa t mi I n
f

i II t i ; il t il in
) v id .1 > it H River 1 7 May 1988,

Montcjomcr> Co

. a. a. 2 in I if i it P H n 1 y n
i

[

I i I

i

t, 1 14 I
^

c SE 1/4 of SE 1/4 of

section 29, 15 Apr ]996, Hyatt 6937 (MICH*).Pike Co.: mi i in ,11, i,Jh i ihng Little Missouri

Rivet SWof Raven ( .m N I II h n N'\ |

- i (DOV MICH*).Polk

Co.: Blackfork Mountain inn in. Nf ef I ml. c in i o TIM I f E1/4 of section 26,4

in\ I m niti.j oniDti li\n 1 i , i) i\
I 'I i Mono tossatot River above route 246

bridge 3 May 198
n L

< IE a' (VDB), 10 May 1986, Bryson 4323 (IBE, MICH, MO,

TENN.VDBctb) 12Md\ l ) ill". P i 10 ctb) 1 3 May 1990,

Jones 4648 & Jones (MICH, MO\'D\ tl 1 .1" '
I H VPI*),20 May 1994,

Naczi 3949 & Ford (DOYi m~ ill, In, hi lat P.itCh.4 unit f| i n > r center and Arkan-

sas highway 88.T1 S, R32W, section 1 1 , 1 May 1 986, Bryson 4287 (MICH, MO,TENN,VDB, ctb), 1 1 May

1<)sm,V/ ( i >H (im | i
l

> , > i i[> i\ ) Stone Co.: ca.2 mi NWof Fifty-

six, Ozark National Fun i Iiiki E mi t [)\ tut t TlnN Rl AV nc tion l Jun 1993, Hyatt 5653

(VDB). INDIANA. Jay Co.: 2 mi SE of Boundary, 1 4 May 1 921 , Deam33879 (NY, PH*). Lawrence Co.:

Bedford, Wilson Pa. Im -
I f KENTUCKY.Campbell Co.:

ca.2miSofAlexandria,alongEsidi »1 mte ^lunl'^V >< >'
. I )V*). Monroe Co.: ca.

8miSEofTompkinsvilie,Sofroute216,23Ma\ l^s V? ^ • ' 4 m/y MICH, MU.TENN,

USCH,VDB,VPI,WIN clhi <>"<"
'

i i vim Rowan Co.: "type locality, 28 May 1998, Naczi

7313&Ford (DOyWINu ,i - , i Vlfj) MISSOURl.Taney Co.

Ocie, in Big Cedar Hollow, just Wof Taney Co. line, section 18, 30 Apr 1938, Steyen

NA*). OHIO. Montgomery Co.: E, Anthony Road, 0.3 mi SSW, junction of Mannir

section5,GermanTwp.,14May P85 I null m i 2 mi SVVof Farmersvill



•;* ''.: \'.:. I' [Preble or Butler Co.]: Ni.KKfi ml.!

.n.(MUM.OKLAHOMA.LeFloreCo.:NW,incihflowSt,itt'liix-

ayl10Ma\Wo -
,

) <t Hi I r MOVI )B,ctb). TENNES-

SEE. Franklin Co.: Hurl h !

M
i 1 ' 'w n fsJM ''mi I Huntland,28 Apr 1972,

Krai 45837 (MO, VDB), 24 May 1998, Un 'J '! 'W f It M MfifJ mm \\ VDB,VPI,WIN, ctb),

Ford 98108 &Naai (WIN). Wilson Co.: < .1 u I I Inn n'hi, f ,4 < 'W ]<->8 c
>

l
McNeilus 89-287

(IBE, MICH", MOJENN,VDB, ctb).
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